Semi-terrestrial soils such as floodplain soils are considered potential hotspots of nitrous oxide (N 2 O) 10 emissions. Microhabitats in the soil, such as within and outside of aggregates, in the detritusphere, and/or in the 11 rhizosphere, are considered to promote and preserve specific redox conditions. Yet, our understanding of the 12 relative effects of such microhabitats and their interactions on N 2 O production and consumption in soils is still 13 incomplete. Therefore, we assessed the effect of aggregate size, buried organic matter, and rhizosphere processes 14 on the occurrence of enhanced N 2 O emissions under simulated flooding/drying conditions in a mesocosm 15 experiment. We used two model soils with equivalent structure and texture, comprising macroaggregates (4000-16 250 µm) or microaggregates (< 250 µm) from a N-rich floodplain soil. These model soils were either planted 17 with basket willow (Salix viminalis L.), mixed with leaf litter, or left unamended. After 48 hours of flooding, a 18 period of enhanced N 2 O emissions occurred in all treatments. The unamended model soils with macroaggregates 19 emitted significantly more N 2 O during this period than those with microaggregates. Litter addition modulated the 20 temporal pattern of the N 2 O emission, leading to short-term peaks of high N 2 O fluxes at the beginning of the 21 period of enhanced N 2 O emissions. The presence of S. viminalis strongly suppressed the N 2 O emission from the 22 macroaggregated model soil, masking any aggregate size effect. Integration of the flux data with data on soil 23 bulk density, moisture, redox potential and soil solution composition suggest that macroaggregates provided 24 more favorable conditions for spatially coupled nitrification-denitrification, which are particularly conducive to 25 net N 2 O production, than microaggregates. The local increase in organic carbon in the detritusphere appears to 26 first stimulate N 2 O emissions, but ultimately, respiration of the surplus organic matter shifts the system towards 27 redox conditions where N 2 O reduction to N 2 dominates. Similarly, the low emission rates in the planted soils can
Introduction

36
Nitrous oxide (N 2 O) is a potent greenhouse gas with a global warming potential over a 100 year time horizon moments of N 2 O emissions in floodplain soils and other semi-terrestrial soils (Hefting et al., 2004; Shrestha et al., 117 2012).
118
The main objective of the present experimental study was to contribute to a better understanding of the factors 119 governing the formation and emission of N 2 O in floodplain soils during hot moments after flooding events.
120
Towards this objective, we performed a mesocosm flooding simulation experiment under controlled conditions, 121 with model soils of largely similar structure, but differing in the size distribution of original soil aggregates. We 122 included two additional factorial treatments: a willow-litter addition treatment to assess whether aggregate size 123 effects are modified by such a detritusphere, and a willow cuttings treatment to test whether aggregate effects 124 change in the presence of plants, as result of root soil interactions.
125
We demonstrate that the level of soil aggregation affects N 2 O emission rates from floodplain soils through its 126 modulating control on the model soils physicochemical properties. We further show that these effects are 127 modified by the presence of a detritusphere and by root-soil interactions, through effects on carbon and N 128 substrate availability and redox conditions. for simultaneous production and consumption of N 2 O in our experiment was fully intact (Blum et al., 2018;  156 Frame et al., 2017) . 
162
Rhizosphere Research Products, Netherlands; pore size 0.15 µm) for soil solution sampling. The suction cups 163 were horizontally inserted at 5 cm and 20 cm below soil surface. For redox potential measurements, two custom-164 made Pt electrodes (tip with diameter of 1 mm and contact length of 5 mm) were placed horizontally at a 90° 165 angle to the suction cups at the same depths, with the sensor tip being located 5 cm from the column wall. A
166
Ag/AgCl reference electrode (B 2820, SI Analytics, Germany) was installed as shown in Fig. 1 . A volumetric 167 water content (VWC) sensor (EC-5, Decagon, USA) was installed 15 cm below the soil surface. To avoid 168 undesired waterlogging, each column section contained a 5 cm thick drainage layer composed of quartz sand 169 with the grain size decreasing with depth from 1 mm to 5.6 mm (Fig. 1) . The upper cylinder section was 170 equipped with three way valves for gas sampling, and an additional vent for pressure compensation. 
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The mesocosm experiment had a two factorial design where factor 1 (model soil) had two levels autoclaved, and then added to the model soil components (8 g kg -1 model soil) during the mixing procedure to 
185
The addition of leaf litter to the model soils led to an increase of C org and total nitrogen (TN) in LAL relative to 186 LAU by 41 % and 35 %, respectively, and in SAL relative to SAU by 58 % and 44 % respectively. The bulk 187 density of the unamended model soil SAU (1.27 ± 0.01 g cm -3 ) was slightly higher than the one of LAU (1.22 ± 188 0.01 g cm -3 ; adj. P: < 0.0001). Regarding the litter addition treatments, the bulk density of LAL (1.13 ± 0.01 g 189 cm -3 ) was significantly smaller than the one of LAU (adj. P: < 0.0001), whereas the bulk density of SAL (1.27 ± 190 0.02 g cm -3 ) did not differ significantly from the one of SAU. The soils in the treatments with plants exhibited a 191 similar bulk density (LAP: 1.23 ± 0.02 g cm -3 ; SAP: 1.24 ± 0.01 g cm -3 ) as in the respective unamended The experiments were conducted inside a climate chamber set to constant temperature (20 ± 1 °C) and relative 194 air humidity (60 ± 10%), with a light/dark cycle of 14/10 h (PAR 116.2 ± 13.7 µmol m -2 s -1 ). The experimental 195 period was divided into four consecutive phases: The conditioning phase (phase 1) lasted for 15 weeks and 196 allowed the model soils to equilibrate and the plants to develop a root system. This was followed by the first 197 experimental phase of nine days (phase 2), serving as a reference period under steady-state conditions. During 198 phases 1 and 2, the soils were continuously irrigated with artificial river water (Na + : 0.43 µM; K + : 0.06 µM; 
214
For soil water sampling, 20 mL of soil solution were collected using the suction cups. Water samples were Germany 
where Δ n is the time period between the n th and the n+1 th measurement, and q n and q n+1 the mean flux on the n th 226 and n+1 th measurement day, respectively. "n=1" refers to day 11, and n max to day 25 of phase 4. The integrated 227 N 2 O flux data were tested for differences between treatments and model soils by performing a two way ANOVA During phase 2 (i.e., before the flooding), N 2 O fluxes were generally low (< 1 µmol m -2 h -1 ; Fig. 2) , however, 267 fluxes in the LAL treatment were significantly higher than in the other treatments (adj. P = 0.002-0.039; Fig. 2 ).
268
The flooding triggered the onset of a "hot moment", defined here as period with strongly increased N 2 O 269 emissions, which lasted for about one week independent of the treatment (Fig. 2) . The maximum efflux was species -Large reduction of N2O emission by saplings of ash, but not of beech, in temperate forest soil, Eur. J. Soil Biol., 54, 7-15, doi:10.1016 /j.ejsobi.2012 .10.010, 2013 500 Forster, P., V. Ramaswamy, P. Artaxo, T. Berntsen, R. Betts, D.W. Fahey, J. Haywood, J. Lean, D.C. Lowe, G. 
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Figure Captions
